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(54) DIESEL ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a diesel engine reducing 
the particulate material(PM) in exhaust gas by creating the 
condition to accelerate a combustion reaction in a combustion 
chamber or the like by utilizing plasma, and shortening the 
afterburning period peculiar to the diesel engine. 
SOLUTION: This diesel engine 1 1 is provided with a combustion 
chamber 17 (or sub-combustion chamber) and a fuel injection 
nozzle 20 injecting fuel toward the combustion chamber 17 (or 
sub-combustion chamber), and the fuel from the fuel injection 
nozzle 20 is burned in the combustion chamber 17 (or sub- 
combustion chamber). The diesel engine 1 1 is provided with 
discharge electrodes 21 and 22 for generating electric 
discharges in the combustion chamber 17 (the sub-combustion 
chamber or the fuel passage of the fuel injection nozzle). 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use o£ tliis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The diesel power plant characterized by having the combustion chamber established in the 
cylinder in which the piston was held possible [ reciprocation ], or said piston and a cylinder, and the fuel 
injection nozzle which injects a fuel towards this combustion chamber, and having further the 1st plasma 
developmental mechanics which generates discharge in said combustion chamber where the fuel was 
injected from said fuel injection nozzle in the diesel power plant the fuel from this fuel injection nozzle was 
made to bum in said combustion chamber. 

[Claim 2] The main combustion chamber established in the cylinder in which the piston was held possible 
[ reciprocation ], or said piston and a cylinder, In the diesel power plant is equipped with the secondary 
combustion chamber opened for free passage by this main combustion chamber by the interconnecting 
catwalk, and the fuel injection nozzle which injects a fuel towards this secondary combustion chamber, and 
the fuel from this fuel injection nozzle was made to bum in said secondary combustion chamber The diesel 
power plant characterized by having further the 1 st plasma developmental mechanics which generates 
discharge in said secondary combustion chamber by which the fuel was injected from said fuel injection 
nozzle. 

[Claim 3] Said 1st plasma developmental mechanics is a diesel power plant according to claim 1 or 2 
characterized by being a thing equipped with the 1 st plasma generator which is electrically connected with 
at least the discharge electrode of the pair which estranged mutually to said combustion chamber or 
secondary combustion chamber, and has been arranged, and one side of both dischm-ge electrodes, and 
impresses the high voltage among both discharge electrodes. 

[Claim 4] The diesel power plant characterized by having the fuel injection nozzle which has the nozzle hole 
which injects a fuel in the shape of a fog, and the fuel path which leads the fuel from a fuel-supply means to 
said nozzle hole, and having further the 2nd plasma developmental mechanics which generates discharge at 
said fuel path where the fuel injected from said nozzle hole passes the fuel from this fuel injection nozzle in 
the diesel power plant it was made to bum. 

[Claim 5] Said 2nd plasma developmental mechanics is a diesel power plant according to claim 4 
characterized by being a thing equipped with the 2nd plasma generator which is electrically connected with 
the discharge electrode of the pair which estranged mutually to the tube wall of said fuel path, and has been 
arranged, and both discharge electrodes, and impresses high-frequency voltage among both discharge 
electrodes. 

[Claim 6] The diesel power plant according to claim 3 or 5 by which it is having-further- fuel-injection 
detection means [ to detect the fuel-injection condition by said fuel injection nozzle ], and plasma control 
means which makes detection of the injection initiation by this fuel-injection detection means impression 
start condition to said discharge electrode characterized. 

[Claim 7] Said plasma control means is a diesel power plant according to claim 6 characterized by being 
what changes the electrical potential difference impressed to said discharge electrode according to the 
detection result of the injection quantity by said fuel-injection detection means. 
[Claim 8] Said 2nd plasma developmental mechanics is a diesel power plant according to claim 4 
characterized by being a thing equipped with the discharge coil prepared in the tube wall of said fuel path, 
and the 2nd plasma generator which is electrically connected with the both ends of this discharge coil, and 
energizes the high frequency current to this discharge coil. 

[Claim 9] The diesel power plant according to claim 8 by which it is having- further- fuel-injection detection 
means [ to detect the fuel-injection condition by said fuel injection nozzle ], and plasma control means 
which makes detection of the injection initiation by this fuel -injection detection means energization start 
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condition to said discharge coil characterized. 

[Claim 10] Said plasma control means is a diesel power plant according to claim 9 characterized by being 
what changes the current energized to said discharge coil according to the detection result of the injection 
quantity by said fuel-injection detection means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the diesel power plant using a plasma generator. 
[0002] 

[Description of the Prior Art] Since the diesel power plant is excellent in that specific fuel consumption is 
low and endurance compared with the gasoline engine, it is widely used for commercial vehicles, such as a 
truck and a bus. The main differences between a diesel power plant and a gasoline engine are in a 
combustion system, and a gasoline engine injects and carries out self-ignition of the fuel into the 
compressed elevated-temperature air by the diesel power plant to carrying out the forced ignition of the 
gaseous mixture of a fuel and air by the spark. Moreover, a diesel power plant adjusts the fuel quantity 
injected into a cylinder, and is controlling the output, and an air- fuel ratio (weight ratio of air and a fuel) 
changes with loads a lot. For this reason, if a rapid load is applied, the combustion in a cylinder cannot 
follow that load, but in case it is combustion explosion of a fuel, the incomplete combustion by fuel 
oversupply or air deficiency will become easy to generate it. If a fuel bums with such a condition, without 
combustion fulfilling demand and it remains, a black smoke (soot) will be generated through a complicated 
reaction. Many particulate matter (PM) which uses this black smoke as a principal component is contained 
in the combustion gas of a diesel power plant. 

[0003] The graph with which the fuel injection of a diesel power plant and the condition of combustion (heat 
rate) were expressed to drawing 7 is shown. In combustion of a diesel power plant, first, fuel injection starts 
in connection with inhalation of the air into a cylinder, and the pressure buildup in a cylinder, and 
evaporation diffusion of a fuel generates a combustible gas mixture. This phase is the ignition-delay period 
Tl . Then, self-ignition happens to coincidence mostly by several places of this combustible gas mixture, and 
a combustible gas mixture bums quickly. This phase is called the premixed combustion period T2. 
Furthermore, since a fuel is injected towards the gas under combustion, combustion is performed 
intermittently and it becomes diffusive-burning period T3. Since there is combustion of the fuel which still 
burned and remained also after fuel injection is completed, heat release continues for a while. This is called 
afterbuming period T four. 

[0004] these periods in combustion of a diesel power plant - its attention should be paid ~ it is afterburning 
period T four. That is, it is because combustion of afterbuming period T four has taken other ignition-delay 
periods Tl, the premixed combustion period T2, and time amount longer than each period of difftasive- 
buming period T3. It is thought that the particulate matter which originates in the fuel oversupply and air 
deficiency to a combustion chamber, and is generated at the time of load up of a diesel power plant is 
produced in this afterbuming period T four. 

[0005] The particulate matter in the combustion gas discharged from a diesel power plant is made into the 
key factor of suspended particulate matter (SPM) generating in the atmospheric air which itself may cause 
pulmonary problems and attracts attention about the effect on the body in recent years. For this reason, the 
measures against reduction of particulate matter are taken the main technical problem of a diesel-power- 
plant improvement technique with the cure against reduction of nitrogen oxides (NOx). the conventional 
reduction cure technique is roughly classified into three - having - respectively - fuels, such as the cetane 
number, - after treatment (conventional technique 3), such as decomposition by an improvement 
(conventional technique 1) of description, amelioration of a combustion chamber or an improvement 
(conventional technique 2) of combustion by high-pressure-izing and atomization of fuel injection, and the 
oxidation catalyst of a combustion gas component or removal with a filter, is mentioned. 
[0006] 
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[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional techniques 1- 
3, it has not been improved about the badness of the responsibihty of the combustion reaction which is the 
fauh of a diesel power plant, i.e., the length of an afterburning period, but the above-mentioned conventional 
techniques 1 -3 had become the form of following altogether. 

[0007] Therefore, this invention makes it a technical problem to offer the diesel power plant it was made to 
raise the responsibility of combustion while reducing the particulate matter in the combustion gas which 
originates in the cinder of a fuel by making the conditions which promote a combustion reaction to a 
combustion chamber, and shortening an afterbuming period peculiar to a diesel power plant. 

[0008] 

[Means for Solving the Problem] The 1 st invention according to claim 1 is equipped with the combustion 
chamber established in the cylinder in which the piston was held possible [ reciprocation ], or said piston 
and a cylinder, and the fuel injection nozzle which injects a fuel towards this combustion chamber, and is 
further equipped with the 1 st pleisma developmental mechanics which generates discharge in said 
combustion chamber where the fuel wa^ injected from said fuel injection nozzle in the diesel power plant 
the fuel from this fuel injection nozzle was made to bum in said combustion chamber. 
[0009] According to the 1st above-mentioned invention, in actuation of a direct injection diesel power plant, 
a fuel is injected by the combustion chamber and generates gaseous mixture with air. This gaseous mixture 
is compressed like the rise line of a piston, serves as an elevated temperature, and bums by self-ignition. The 
plasma is produced when the 1st plasma developmental mechanics generates discharge from this fuel 
injection in a combustion chamber in the case of combustion by self-ignition, then, gaseous mixture — an 
inner fuel is charged and is ionized. Thus, if a fuel is charged and is ionized, since the combustion reaction 
will be promoted, time amount until a combustion reaction is started by self-ignition, and the time amount 
taken to complete the combustion reaction are shortened. Consequently, the combustion efficiency of a fuel 
improves compared with the conventional direct injection diesel power plant, and generation of the black 
smoke resulting from the cinder of a fuel is reduced. 

[0010] The cylinder held by the 2nd invention according to claim 2 possible [ reciprocation of a piston ], 
The main combustion chamber established in either said piston and the cylinder, In the diesel power plant is 
equipped with the secondary combustion chamber opened for free passage by this main combustion 
chamber by the interconnecting catwalk, and the fuel injection nozzle which injects a fuel towards this 
secondary combustion chamber, and the fuel from this fuel injection nozzle was made to bum in said 
secondary combustion chamber It has further the 1 st plasma developmental mechanics which generates 
discharge in said secondary combustion chamber by which the fuel was injected from said fuel injection 
nozzle. 

[001 1] According to the 2nd above-mentioned invention, in actuation of an accessory cell type diesel power 
plant, a fuel is injected by the secondary combustion chamber and generates gaseous mixture with air. This 
gaseous mixture is compressed like the rise line of a piston, serves as an elevated temperature, and bums by 
self-ignition. The plasma is produced when the 1st plasma developmental mechanics generates discharge in 
a secondary combustion chamber from this fuel injection in the case of combustion by self-ignition, then, 
gaseous mixture - an inner fuel is charged and is ionized. Thus, if a fuel is charged and is ionized, since the 
combustion reaction will be promoted, time amount until a combustion reaction is started by self-ignition, 
and the time amount taken to complete the combustion reaction are shortened. Consequently, the 
combustion efficiency of a fuel improves compared with the conventional accessory cell type diesel power 
plant, and generation of the black smoke resulting from the cinder of a fuel is reduced. 
[0012] In addition to the configuration of the 1st or the 2nd invention, said 1st plasma developmental 
mechanics is electrically connected with at least the discharge electrode of the pair which estranged 
mutually to said combustion chamber or secondary combustion chamber, and has been arranged, and one 
side of both discharge electrodes, and the 3rd invention according to claim 3 is equipped with the 1st plasma 
generator which impresses the high voltage among both discharge electrodes. 

[0013] According to the 3rd above-mentioned invention, the 1st plasma generator impresses the high 
voltage to a discharge electrode, and generates discharge in a combustion chamber or a secondary 
combustion chamber, the plasma according to corona discharge in the perimeter of the discharge electrode 
by this — generating — consequently, a combustion chamber or a secondary combustion chamber ~ gaseous 
mixture - an inner fuel is charged in the same polarity as the discharge electrode, and is ionized. 
[0014] The 4th invention according to claim 4 is equipped with the fuel injection nozzle which has the 
nozzle hole which injects a fuel in the shape of a fog, and the fuel path which leads the fuel from a fuel- 
supply means to said nozzle hole, and is further equipped with the 2nd plasma developmental mechanics 
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which generates discharge at said fuel path where the fuel injected from said nozzle hole passes the fuel 
from this fuel injection nozzle in the diesel power plant it was made to bum. 

[0015] According to the 4th above-mentioned invention, in actuation of a diesel power plant, if a fuel is 
injected by the fuel injection nozzle, gaseous mixture with air will be generated. This gaseous mixture is 
compressed like the rise line of a piston, serves as an elevated temperature, and bums by self-ignition. When 
the 2nd plasma developmental mechanics discharges at the fuel path in a fuel injection nozzle in the case of 
this fuel injection, the fuel which passes through that fuel path is electrified. Thus, since ionization of a fuel 
will be promoted and the combustion reaction will be promoted in case gaseous mixture is generated if the 
fuel in front of injection is charged, time amount until a combustion reaction is started by self-ignition, and 
the time amount taken to complete the combustion reaction are shortened. Consequently, the combustion 
efficiency of a fuel improves compared with the conventional diesel power plant, and generation of the 
black smoke resulting from the cinder of a fuel is reduced. 

[0016] In addition to the 4th configuration of invention, said 2nd plasma developmental mechanics is 
electrically connected to the tube wall qf said fuel path between the discharge electrode of the pair which 
estranged mutually and has been arranged, and both discharge electrodes, and the 5th invention according to 
claim 5 is equipped with the 2nd plasma generator which impresses high-frequency voltage to both 
discharge electrodes. 

[0017] According to the 5th above-mentioned invention, the 2nd plasma generator impresses high-frequency 
voltage to a discharge electrode, and generates discharge at the fuel path of a fuel injection nozzle, 
consequently, the fuel which passes through the inside of this fuel path — being charged — the gaseous 
mixture after injection — ionization of the fuel in a generate time is promoted. 

[001 8] In addition to the configuration of the 3rd or the 5th invention, the 6th invention according to claim 6 
is further equipped with a fuel-injection detection means to detect the fuel-injection condition by said fuel 
injection nozzle, and the plasma control means which makes detection of the injection initiation by this fuel- 
injection detection means the impression start condition to said discharge electrode. 

[0019] If the injection initiation by the fuel injection nozzle is detected by the fuel-injection detection means 
according to the 6th above-mentioned invention, the 1st or 2nd plasma generator will start impression of the 
high voltage to a discharge electrode. Thereby, discharge is exactly generated to a fuel just before being 
injected or injected by a combustion chamber or the secondary combustion chamber by the fuel injection 

nozzle. 

[0020] In addition to the 6th configuration of invention, the 7th invention according to claim 7 changes the 
electrical potential difference which impresses said plasma control means to said discharge electrode 
according to the detection result of the injection quantity by said fuel-injection detection means. 
[0021] Detection of the fuel quantity w^ich is injected by the fuel injection nozzle with a fuel -injection 
detection means according to the 7th above-mentioned invention changes into the value according to 
injection fuel quantity the electrical potential difference impressed to a discharge electrode corresponding to 
the injection fuel quantity. Thereby, the plasma of the reinforcement corresponding to injection fuel quantity 
occurs, and ionization of the fuel is performed efficiently. 

[0022] In addition to the 4th configuration of invention, said 2nd plasma developmental mechanics is 
electrically connected with the both ends of the discharge coil prepared in the tube wall of said fuel path, 
and this discharge coil, and the 8th invention according to claim 8 is equipped with the 2nd plasma 
generator which energizes the high frequency current to this discharge coil. 

[0023] According to the 8th above-mentioned invention, the 2nd plasma generator energizes the high 
frequency current to a discharge coil, and discharge is generated according to induced electromotive force at 
the fuel path of a fuel injection nozzle, consequently, the fuel which passes through the inside of this fuel 
path — being charged ~ the gaseous mixture after injection — ionization of the fuel in a generate time is 
promoted. 

[0024] In addition to the 8th configuration of invention, the 9th invention according to claim 9 is further 
equipped with a fuel-injection detection means to detect the fuel-injection condition by said fuel injection 
nozzle, and the plasma control means which makes detection of the injection initiation by this fuel-injection 
detection means the conditions of the energization initiation to said said discharge coil. 
[0025] If the injection initiation by the fuel injection nozzle is detected by the fuel-injection detection means 
according to the 9th above-mentioned invention, the 2nd plasma generator will start energization of the high 
frequency current to a discharge coil. Thereby, discharge is exactly generated to a fuel just before being 
injected by the fuel injection nozzle. 

[0026] In addition to the 9th configuration of invention, the 1 0th invention according to claim 1 0 changes 
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the current which energizes said plasma control means to said discharge coil according to the detection 
result of the injection quantity by said fuel-injection detection means. 

[0027] Detection of the fuel quantity which is injected by the fuel injection nozzle with a fuel -injection 
detection means according to the 1 0th above-mentioned invention changes into the value according to 
injection fuel quantity the cxuxent energized to a discharge coil corresponding to the injection fuel quantity. 
Thereby, the plasma of the reinforcement corresponding to injection fuel quantity occurs, and ionization of 
the fuel is performed efficiently. 
[0028] 

[Embodiment of the Invention] (The 1 st operation gestalt) The 1 st operation gestalt which materialized 
invention of the 1st, 3, 6, and 7 to the direct injection diesel power plant is hereafter explained based on 
drawing 1 -3. 

[0029] As shown in drawing 1 , the principal part of the direct injection diesel power plant (only henceforth 
an "engine") 1 1 is constituted by the cylinder block 13 which has the cylinder 12 of plurality (drawing one), 
and the cylinder head 14 attached in the upper part. In each cylinder 12, the piston 15 is held possible 
[ reciprocation ] in the vertical direction, and the depression 1 6 of a cross-section omega (omega) typeface 
where the center section became shallower than the periphery section is formed in the crowning of the 
piston 15. The space surrounded by thi§. depression 16 and cylinder head 14 constitutes the combustion 
chamber 17. 

[0030] The cylinder head 14 is equipped with the inhalation-of-air path 1 8 for drawing air in a cylinder 12. 
The fuel injection nozzle 20 for injecting a fuel in the shape of a fog into the central part of a combustion 
chamber 17 is arranged at the cylinder head 14. Moreover, the glow plug 19 for assisting engine starting is 
formed in the part estranged a little from the fuel injection nozzle 20. 

[003 1] The discharge electrode of a pair which consists of cathode 21 and an anode plate 22 is further 
prepared in the inferior surface of tongue of the cylinder head 14. Cathode 21 is arranged so that a point may 
project [ near the core of a combustion chamber 17 ], and it is electrically connected with the 1st plasma 
generator (refer to drawing 2 ) later mentioned with lead wire 23. The anode plate 22 is arranged in the part 
which counters cathode 21 on both sides of a fuel injection nozzle 20, and touch-down (ground) connection 
is made with lead wire 23. 

[0032] As shown in drawing 2 , the equipment of the fuel-injection system 40 constituted considering the 
fuel injection pump 3 1 as a subject is attached to the engine 1 1 . A fuel injection pump 3 1 is the format 
called an in-line pump, and is constituted by the feed pump 35, the pump body 36, the centrifugal spark 
advancer 37, and the timer 38. The fuel-injection system 40 supplies a fliel to an engine 11, and bears the 
work injected to a combustion chamber 17. The fuel of a fuel tank 32 is first sucked up with a feed pump 35, 
and after being filtered by the fuel filter 33, it is sent to a pump body 36. The plunger of the number of 
engine gas columns and the same number is built in the pump body 36, and a fuel is fed via an injection pipe 
34 from each plunger to a fuel injection nozzle 20. At this time, the amount of supply of a fuel is adjusted by 
the centrifugal spark advancer 37 of a fyel injection pump 3 1 , and a supply stage is adjusted by the timer 38. 
And as for the fed fuel, only an initial complement is injected by the fuel injection nozzle 20 in a 
combustion chamber 17, and the remainder is returned to a fuel tank 32. In addition, in drawing 2 , the 
engine 1 1 has the gas column of the injection pipe 34 connected to the pimip body 36 in fact, and the same 
number (here six), although only one gas column is illustrated. 

[0033] As mentioned above, the 1st plasma generator 24 is electrically connected to cathode 21 . A dc- 
battery 25 and the plasma control unit 26 are connected to the 1st plasma generator 24, and the plasma 
control system 30 which bears generating and its control of the plasma is constituted. The 1 st plasma 
generator 24 receives supply of the power source from a dc-battery 25, and impresses the high voltage to 
cathode 2 1 . The plasma control unit 26 receives the signal from the accelerator opening sensor 27 and an oil 
pressure sensor 28, detects the injection condition of a fiiel based on these signals, and controls the drive of 
the 1st plasma generator 24. The accelerator opening sensor 27 detects the opening Q of an accelerator 
pedal, and can use what is included in the automobile etc. from the first. An oil pressure sensor 28 detects 
****** P of the fuel in an injection pipe 34. Here, although what kind of type may be used as an oil pressure 
sensor 28, the pressure sensor of the Bourdon-tube mold with which it is generally known desirably that it is 
what can detect continuation change of ****** P, a** Lowe's mold, and a diaphram mold is mentioned. 
[0034] In actuation of the engine 1 1 mentioned above, air is inhaled from the inhalation-of-air path 18 in a 
combustion chamber 17, and a piston 15 goes two times between periods, i.e., 1 cycle, xmtil combustion gas 
is discharged. Although this cycle consists of a charging stroke, a compression stroke, an expansion stroke, 
and four strokes like an exhaust air line as everyone knows, injection and combustion of a fuel are 
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performed in an expansion stroke from a compression stroke among these. Hereafter, the operation and 
effectiveness in this operation gestah are explained focusing on these two strokes. 
[0035] In a compression stroke, the air in a cylinder 12 is compressed by rise of a piston 15, and before 
crank angle theta becomes a top dead center (TDC), injection of a fuel is started. Evaporation diffusion of a 
fuel generates a combustible gas mixture, and it results in self-ignition after that. The period from this fuel 
injection to ignition is called ignition-delay period Tl . The ignition-delay period Tl is further divided into a 
physical ignition delay £ind a chemical ignition delay. A physical ignition delay says a period until the 
injected fuel atomizes and evaporates, makes a combustible gas mixture and reaches the temperature which 
can light, and a chemical ignition delay starts a chemical reaction as the fuel which evaporated is heated, and 
it says generating of heat of reaction, and a period until it becomes a pressvire higher than a compression 
flow and pressure requirement with a flame at a degree, 

[0036] Self-ignition happens to coincidence mostly by several places of a combustible gas mixture, and this 
combustible gas mixture bums quickly. This phase is called the premixed combustion period T2. 
Furthermore, since a fuel is injected towards the gas under combustion, combustion is performed 
continuously. This period is diffusive-burning period T3. Since there is a fuel which still burned and 
remained also after fuel injection is completed, heat release continues. This is the so-called afterburning 
period T four. If it is the former, the black smoke (soot) which is the principal component of the particulate 
matter (PM) discharged from a diesel pbwer plant will be generated throu^ a complicated reaction from the 
fuel which burned and remained in afterburning period T four from this diffusive-burning period T3. 
[0037] On the other hand, with the engine 11 of this operation gestalt, in case a fiiel is injected in the above- 
mentioned jgnition-delay period Tl and gaseous mixture is generated, the 1st plasma generator 24 impresses 
the high voltage to the cathode 21 of a discharge electrode established in the combustion chamber 17, and 
discharges towards the anode plate 22 by which groimd connection is carried out. In detail, the plasma 
control device 26 performs the plasma control routine shown in the flow chart of drawing 3 . 
[0038] In step S 10, the necessity of a drive of the 1st plasma generator 24 is judged first. In detail, it judges 
whether the conveyance-of-oil pressure signal P of a fuel is larger than the predetermined value alpha. The 
predetermined value alpha is set as the value of ****** (it is called an injection- valve opening pressure) 
required since fuel injection is started from a fuel injection nozzle 20. If these criteria are not fulfilled (i.e., if 
the fuel is not injected to a combustion chamber 17), step SIO will be repeated. On the other hand, if said 
criteria are fulfilled (i.e., if the fuel injection to a combustion chamber 17 is started), it will shift to step S20 
and the drive of the 1 st plasma generator 24 will be started. 

[0039] Specifically based on the accelerator opening signal Q and the conveyance-of-oil pressure signal P of 
a fuel, the 1st plasma generator 24 is controlled to the fuel quantity injected into a combustion chamber 
(judged) to generate the plasma of the optimal reinforcement. The high voltage needed for generating the 
plasma of predetermined reinforcement in detail is impressed to the cathode 21 of a discharge electrode. 
Thereby, corona discharge occurs and the plasma is produced from cathode 21 in a combustion chamber 17. 
then, the same polar ion as the perimeter of cathode 21 — full ~ gaseous mixture — an inner fuel is charged 
and is ionized. * 

[0040] At the following step S30, the necessity of drive termination of the 1st plasma generator 24 is judged. 
In detail, the conveyance-of-oil pressure signal P of a fiiel judges whether it is below the predetermined 
value beta. The predetermined value beta is set as the value of ****** (it is called an injection- valve closing 
pressure) in case the fuel injection from a fuel injection nozzle 20 is completed. If these criteria are not 
fulfilled (i.e., if the fuel injection to a combustion chamber 17 is continuing), in step S20, drive control of 
the 1st plasma generator 24 will be continued. On the other hand, if said criteria are fulfilled (i.e., if the fuel 
injection to a combustion chamber 17 is completed), it will shift to the following step S40, the drive of the 
1 St plasma generator 24 will be stopped, and a plasma control routine will be ended. 
[0041] In said plasma control routine, if the fuel injection to a combustion chamber 17 is started, since 
impression of the high voltage will be started from the 1st plasma generator 24 to cathode 21, discharge can 
be exactly generated towards the injected fuel. 

[0042] moreover, the thing made to increase plasma reinforcement even when the applied voltage to cathode 
21 was fluctuated according to the detection result of the injection quantity, the load of an engine 1 1 
becomes high since it is the method which controls the reinforcement of the plasma to generate, and many 
fuels are injected by the combustion chamber 1 7 - the gaseous mixture — it can be charged efficiently and 
an inner high-concentration fuel can be made to ionize 

[0043] By the way, a combustion reaction will be the oxidative degradation by the oxygen of the quality of a 
combustible, if it puts in another way. Generally, if the target matter is beforehand ionized on the occasion 
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of the chemical reaction, the time amount which the reaction takes will be shortened. If the quality of a 
combustible is ionized also in the combustion reaction from this, it will be thought that the reaction can be 
performed efficiently, for this reason, the inside of a combustion chamber 1 7 — gaseous mixture ~ if an 
inner fuel is ionized ~ the ignition-delay period Tl — while the time amount of a chemical ignition delay is 
especially shortened and self-ignition concentrates and happens, a subsequent combustion reaction also 
comes to advance promptly. Consequently, combustion explosion of a fuel is promoted and combustion of 
most injected fuels is completed by diffusive-burning period T3. Therefore, the phenomenon in which a 
cinder and a combustion reaction are extended for many fuels stops being able to happen easily to 
afterburning period T four like the conventional engine. 

[0044] Thus, according to this operation gestalt, the combustion period of an engine 1 1 , and since 
afterburning period T four is especially shortened, the black smoke generated by the cinder of a fuel is 
reduced, and the discharge of the particulate matter which uses this black smoke as a principal component 
can be reduced sharply. 

[0045] Moreover, in the engine which has generally obtained driving force by combustion explosion of a 
fuel, a combustion period governs that engine performance, and improvement in thermal efficiency and the 
improvement effect of combustion stability are acquired, so that this combustion period is shortened. In this 
operation gestalt, as mentioned above, since a combustion reaction is centralized by compaction of 
afterburning period T four for a short time, it will be in the combustion condition similar to a gasoline 
engine, and the high increase in power of a diesel power plant and improvement in responsibility can be 
aimed at, 

[0046] Furthermore, according to this operation gestalt, since the thermal efficiency and combustion 
stability of an engine 1 1 improve, rather than the conventional diesel power plant, a compression ratio is 
made low a little and the thing of it can be carried out. Thereby, vibration and the noise peculiar to a diesel 
power plant can be reduced, furthermore, the thing for which component parts of the circumference of a 
cylinder 12, such as a piston 15 and a crankshaft (illustration abbreviation), are lightweight-ized by stopping 
a compression ratio low ~ it can do - in addition ~ and the badness which is the fault of the conventional 
diesel power plant and where it blows up is improvable from the inertia weight of each part article becoming 
small. 

[0047] In addition, in this operation gestalt, it is possible lightweight and to use as a compact the device 
which constitutes the plasma control systems 30, such as above-mentioned discharge electrodes 21 and 22, 
the above-mentioned 1 st plasma generator 24, etc. Furthermore, since these devices are not accompanied by 
mechanical drive, they cannot be easily influenced to vibration of a diesel power plant. For this reason, 
comparatively easily [ extension / equipment ], the increase of cost can be suppressed as much as possible, 
and can be performed. 

[0048] (The 2nd operation gestalt) Next, the 2nd operation gestalt which materialized invention of the 2nd, 
3, 6, and 7 to the vortex-chamber type diesel power plant which is a kind of an accessory cell type diesel 
power plant is explained based on drawing 4 . The 2nd operation gestalt differs in the installation location of 
a discharge electrode and a fiiel injection nozzle etc. from the above-mentioned 1st operation gestalt. 
[0049] The principal part of the vortex-chamber type diesel power plant (only henceforth an "engine") 41 is 
constituted by the cylinder block 43 which has the cylinder 42 of plurality (drawing one), and the cylinder 
head 44 attached in the upper part. In each cylinder 42, the piston 45 is held possible [ reciprocation ] in the 
vertical direction, and the depression 46 which has a loose inclination is formed in the crowning of the 
piston 45. The space surrounded by this depression 46 and cylinder head 44 constitutes the main combustion 
chamber 47. 

[0050] The cylinder head 44 is equipped with the inhalation-of-air path 48 for drawing air in a cylinder 42. 
Moreover, a secondary combustion chamber 54 is formed in the cylinder head 44, and the main combustion 
chamber 47 is open for free passage with the interconnecting catwalk 55. The secondary combustion 
chamber 54 is called especially the vortex chamber from it being the configuration which builds a strong 
vortex, in case air flows from an interconnecting catwalk 55, The fuel injection nozzle 50 for injecting a fuel 
in the shape of a fog to this vortex chamber 54 is arranged at the cylinder head 44. A fuel injection nozzle 50 
injects a ftiel in the direction in alignment with the vortex formed in a vortex chamber 54. The glow plug 49 
for assisting engine starting is formed in the part estranged a little from the fuel injection nozzle 50. 
[0051] The discharge electrode of a pair which consists of cathode 51 and an anode plate 52 is prepared in 
the cylinder head 44 which faced the vortex chamber 54. Cathode 51 is arranged so that a point may project 
near the fuel-injection point by the fuel injection nozzle 50 of a vortex chamber 54, and it is electrically 
connected with the 1st plasma generator (illustration abbreviation) by lead wire 53. The anode plate 52 of 
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another side is arranged at the side which counters the cathode 51 in a vortex chamber 54, and touch-down 
(ground) connection is made with lead wire 53. 

[0052] The fuel -injection system and plasma control system in this operation gestah are constituted Hke the 
above-mentioned 1st operation gestalt. The vortex-chamber-type engine 41 as replaced with an engine 1 1 
and shown in drawing 4 in drawing 2 in detail is incorporated, through the injection pipe 34, it connects with 
a fuel injection nozzle 50, and the fuel-injection system 40 is connected as electrically [ the plasma control 
system 30 ] as the cathode 51 of a discharge electrode. Therefore, the same number is given to the S£ime 
equipment and member as the 1 st operation gestalt, and detailed expleination is omitted. 
[0053] In actuation of the engine 41 of this operation gestalt mentioned above, the process from injection of 
a fuel to combustion is performed almost like the above-mentioned 1 st operation gestalt. That is, although it 
differs in that the location is a vortex chamber 54, the process which a fuel is injected, starts combustion by 
self-ignition, and carries out explosion expansion is almost common. Therefore, the same operation and 
effectiveness as the 1st operation gestalt are acquired by generating discharge as well as fuel injection in a 
vortex chamber 54, and producing the plasma. For this reason, detailed explanation is omitted here. 
[0054] Thus, according to this operation gestalt, the combustion period of an engine 41, and since 
afterburning period T four can especially be shortened, the black smoke generated by the cinder of a fuel is 
reduced, and the discharge of the particulate matter which uses this black smoke as a principal component 
can be reduced sharply. Moreover, since a combustion reaction is centralized by compaction of afterbuming 
period T four for a short time, it will be in the combustion condition near a gasoline engine, and the high 
increase in power of a diesel power plant and improvement in responsibility can be aimed at. 
[0055] Furthermore, also in control by the plasma control unit 26, the same operation and effectiveness as 
the above-mentioned 1st operation gestalt are acquired. That is, if the fuel injection to a vortex chamber 54 
is started, since impression of the high \:oltage from the 1 st plasma generator 24 to cathode 5 1 will be 
started, discharge can be exactly generated towards the injected fuel, moreover, the thing made to increase 
plasma reinforcement even when the load of an engine 41 becomes high and many fuels are injected by the 
vortex chamber 54 since it is the method which controls the reinforcement of the plasma by fluctuating the 
applied voltage to cathode 51 according to the detection result of the injection quantity for example, ~ the 
gaseous mixture — it can be charged efficiently and an inner high-concentration fuel can be made to ionize 
[0056] (The 3rd operation gestalt) Next, the 3rd operation gestalt which materialized the 4-7th invention is 
explained based on drawing 5 . 

[0057] The fuel injection nozzle 61 shown in drawing 5 is the thing of the format called the hole form where 
it is used for a direct injection diesel power plant, and is included in the engine and fuel-injection system 
which have the same configuration as the above-mentioned 1st operation gestalt. In detail, a fuel injection 
nozzle 61 is attached instead of the fuel injection nozzle 20 in drawing 2 . 

[0058] The fuel injection nozzle 61 is constituted in the nozzle body 62 by the nozzle assembly 69 which a 
needle 63 goes up and down, and the nozzle holder 70 by which the spring 67 which sets up an injection- 
valve opening pressure into the holder body 66 was contained, it is an oil about a fuel at the holder body 66 
and a nozzle body 62 — the fuel path 68 for leading to a ball 64 is formed, if ****** of this fuel goes up and 
the set force of a spring 67 is exceeded, a needle 63 will carry out a lift and fuel injection will be started 
from two or more nozzle holes 65 formed at the tip of a nozzle body 62. A fuel is injected by the radial in 
the four to 8 direction, carrying out rat tail atomization by the nozzle hole 65. Spraying will be completed, if 
****** descends and a needle 63 returns to the original location with a spring 67. In addition, ****** in 
case a needle 63 begins to carry out a lift is called injection- valve opening pressure, and ****** when 
returning to the original location is called injection- valve closing pressure. 

[0059] In the fuel path 68 of a fuel injection nozzle 61, the discharge electrode 71 of a ring-like pair 
estranges mutually, and is arranged at it, and the 2nd plasma generator 72 is electrically connected to the 
discharge electrode 7 1 . A dc-battery 73 and the plasma control unit 74 are connected to the 2nd plasma 
generator 72, and the plasma control system 75 is constituted. The 2nd plasma generator 72 impresses high- 
frequency voltage to a discharge electrode 7 1 in response to supply of the power source from a dc-battery 
73. The plasma control unit 74 controls the drive of the 2nd plasma generator 72 while it receives the signal 
from the accelerator opening sensor 27 and an oil pressure sensor 28 and detects the injection condition of 
the fuel by the fuel injection nozzle 61 based on these signals. In addition, about the accelerator opening 
sensor 27 and an oil pressure sensor 28, since it has the same configuration as the above-mentioned 1st 
operation gestalt, detailed explanation is omitted. 

[0060] Hereafter, the operation and effectiveness of this operation gestalt which were constituted as 
mentioned above are explained, like the inhalation-of-air line of an engine 1 1 — from — in an expansion 
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stroke, when a fuel is injected towards a combustion chamber 17, as for the fuel fed from the fuel-injection 
system 30, it passes through the fuel path 68 in the holder body 66 as mentioned above. He is trying for the 
2nd plasma generator 72 to make both the discharge electrodes 71 generate discharge by impressing high- 
frequency voltage in the fuel injection nozzle 61 of this operation gestalt at the fuel path 68 in the case of 
this injection. Thereby, corona discharge arises around both the discharge electrodes 71, and the fuel which 
passes through the fuel path 68 is charged. In case this electrified fuel is injected by the combustion chamber 
1 7 after that and generates gaseous mixture, ionization of that fuel is promoted. 

[0061] Thus, if it discharges to a fuel just before being injected by the combustion chamber 17 and the 
ionization is promoted, the same operation and effectiveness as the above-mentioned 1 st operation gestalt 
will be acquired. That is, an engine coinbustion period and since afterbuming period T four can especially 
be shortened, the black smoke generated by the cinder of a fuel is reduced, and the disch2irge of the 
particulate matter which uses this black smoke as a principal component can be reduced sharply. Moreover, 
since a combustion reaction is centralized by compaction of afterbuming period T four for a short time, it 
will be in the combustion condition near a gasoline engine, and the high increase in power of a diesel power 
plant and improvement in responsibility can be aimed at, 

[0062] Furthermore, also in control by the plasma control unit 74, the same operation and effectiveness as 
the above-mentioned 1st operation gestalt are acquired. That is, if the fuel injection by the fuel injection 
nozzle 61 is started, since impression of high-frequency voltage will be started from the 2nd plasma 
generator 72 to a discharge electrode 71, it can discharge exactly towards the fuel in front of the injection 
which passes through the fuel path 68. Moreover, even when an engine load becomes high and many fuels 
are injected by the fuel injection nozzle 61 since it is the method which controls the reinforcement of the 
plasma generated by impressing the high-frequency voltage according to fuel oil consumption to a discharge 
electrode 7 1 for example, the fuel of a high flow rate in the fuel path 68 can be efficiently electrified by 
making plasma reinforcement increase. 

[0063] In addition, in this operation gestalt, in order for what is necessary just to be to change a fuel 
injection nozzle 61 in addition to the effectiveness of the above-mentioned 1st operation gestalt, it is not 
necessary to add large modification to the conventional diesel power plant. That is, it can improve easily to 
the conventional diesel power plant, without adding modification to the structure of the combustion chamber 
itself in any way, in order to build into the fuel path 68 in a fuel injection nozzle 61 the discharge electrode 
7 1 made to generate the plasma. i :. 

[0064] In addition, this invention can be materialized in another operation gestalt shown below. 
[0065] (1) In the 1st or 2nd operation gestalt, although the high voltage is impressed to the cathode 21 (or 
51) of a discharge electrode and corona discharge is generated as plasma developmental mechanics in a 
combustion chamber 17 or a secondary combustion chamber 54, other approaches may be adopted. For 
example, an electron can be accelerated by making mesh-like cathode pass the electron made to discharge 
from cathode, and the plasma can be generated also by the approach of taking out the electron beam. 
[0066] (2) In the 3rd operation gestalt, although high-frequency voltage is impressed to the discharge 
electrode 71 of the pair estranged and arranged as plasma developmental mechanics in the fuel path 68 and 
discharge is generated, other approaches may be adopted. For ex2imple, as shown in drawing 6 , a discharge 
coil 76 can be arranged to the tube wall of the fuel path 68, the high frequency current can be energized to 
this discharge coil 76, and the plasma can be generated also by the approach of generating discharge in the 
fuel path 68 according to induced electromotive force. 

[0067] (3) In the 3rd operation gestalt, although the hole form where it is used for a direct fuel-injection 
engine as a fuel injection nozzle 61 is shown, you may be the fiiel injection nozzle of a different format. For 
example, you may be the fuel injection nozzle of a pin form used for a vortex-chamber type engine etc. In 
the above-mentioned hole form, to one or more small nozzle holes of an aperture being prepared, the nozzle 
hole shaft slightly thinner than that nozzle hole is established at one nozzle hole with a comparatively big 
aperture, and the tip of a needle, and the fuel injection nozzle of this pin form is equipped with the structure 
where nozzle hole area changes according to the amount of lifts of a needle, with the configuration of this 
nozzle hole shaft. Also in the fuel injection nozzle of such a pin form, the discharge electrode of a pair can 
be arranged like the fuel path for leading a fiiel to a nozzle hole, or a discharge coil can be arranged to a tube 
wall, and discharge can be generated at a fuel path by [ which impress high-frequency voltage to these and is 
in them ] being and energizing the high frequency current. 

[0068] (4) The plasma control units 26 and 74 may detect the injection condition of a fuel with the 
accelerator opening Q and detection means other than ****** P of a fuel. For example, the injection 
condition of the fuel injected to a combustion chamber 17 may be detected by detecting the centrifugal spark 
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advancer 37 of a fiael injection pump 3 1 , and the operating state of a timer 38. Moreover, in the case of a 
diesel power plant equipped with an electronics control-type fuel injection equipment, the control signal can 
be used. 

[0069] (5) This invention is applicable also to the diesel power plant into which superchargers, such as a 
turbocharger, were built, and the diesel power plant into which the so-called EGR system which takes out a 
part of combustion gas from a flueway, and was retumed to the inhalation-of-air path was built. 
[0070] 

[Effect of the Invention] According to the 1st invention, in the combustion chamber of a direct injection 
diesel power plant, the combustion reaction can be promoted by being charged and making an injection fuel 
ionize. Thereby, an afterburning period is shortened, and while being able to reduce the particulate matter in 
the exhaust gas resulting from the cinder of a fiiel, an engine high increase in power and improvement in 
responsibility can be aimed at by centralization of combustion. 

[0071] According to the 2nd invention, in the secondary combustion chamber of an accessory cell type 
diesel power plant, the combustion reaction can be promoted by being charged and making an injection fuel 
ionize. Thereby, an afterbuming period is shortened, and while being able to reduce the particulate matter in 
the exhaust gas resulting from the cinder of a fuel, an engine high increase in power and improvement in 
responsibility can be aimed at by centralization of combustion. 

[0072] According to the 3rd invention, it can be charged effectively and an injection fuel can be made to 
ionize by making a combustion chamber or a secondary combustion chamber generate corona discharge, 
and making it produce the plasma in addition to the 1st or 2nd effect of the invention. 
[0073] At the fuel path of a fuel injection nozzle, by electrifying the fuel in front of injection, ionization of 
an injection fuel can be promoted and, according to the 4th invention, the combustion reaction can be 
promoted. Thereby, an afterbuming period is shortened, and while being able to reduce the particulate 
matter in the exhaust gas resulting from the cinder of a fuel, an engine high increase in power and 
improvement in responsibility can be aimed at by centralization of combustion. 

[0074] According to the 5th invention, the fuel in front of injection can be effectively electrified by making 
a fuel path generate discharge and making it produce the plasma in addition to the 4th effect of the 
invention. 

[0075] According to the 6th invention, it can be charged and a fuel can be made to ionize exactly by in 

addition to the 3rd or 5th effect of the invention, having been injected by the combustion chamber or the 

secondary combustion chamber, or discharging towards the fuel in front of injection. 

[0076] According to the 7th invention, it can be charged and a fuel can be made to ionize efficiently by 

generating discharge of the reinforcement corresponding to the fuel quantity injected by a combustion 

chamber or the secondary combustion chamber in addition to the 6th effect of the invention. 

[0077] According to the 8th invention, the fuel in front of injection can be effectively electrified by making 

a fuel path generate discharge and making it produce the plasma in addition to the 4th effect of the 

invention. 

[0078] According to the 9th invention, it can be charged and a fuel can be made to ionize exactly by 
discharging towards the fuel in front of injection in addition to the 8th effect of the invention. 
[0079] According to the 1 0th invention, it can be charged and a fuel can be made to ionize efficiently by 
generating discharge of the reinforcement corresponding to the fuel quantity injected in addition to the 9th 
effect of the invention. 
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[0 0 2 6] ffi*]^ 1 0 \.zt^m<r>m 1 0 m^rnii. m 9 

[0 0 2 7] ±ie» 1 0 <o*w(c J; s t , m^mm^ih 

^m:^X>0. mUmUy X)UI,zXi0^m^it:hmmAii^ 
[0 0 2 8] 

[lfeigo*ife<off^.®l (^inidB.^,) JiiT. »i, 

fffkLTt:* 1 mm^mi. mi -3 t,zm-o\^xm.mr 

^ o 

[0 0 2 9] mi H^-tJ:dti. EStft#J-^'rY--h';P 
K 1 4 h(l J: f^WlS^tLTV^^o ^vU 1 2 

^^tirv^^o z(r>B^ 1 es^'v*; v^^-y K i 4 -e 

[0 0 3 0] ^^"^ y Kl 4(i. vU>^12rttC 
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[0 0 3 1 ] y Kl 4C0TBi::ii^ 1^ 

rf^5E-r;i>^i r^x-7i§^^a ([ii2#?s) ts^ag 

US^^KTv^^o ^m2 2lt. ^*4«*J'^X;U2 OS: 

[0 0 3 2] [112 tc^-t J: -7 Jii>v> 1 l 
»i««-^>r3 1 LT«fi!c^tLfs:*^f4»«W«4 

0Ollltf«7i)^m<^#tttbnTv^^o 'Bfl-P»lt'-^^>y3 1 

4^">7"3 5. > ■7°:$:#: 3 6 . p^Vs^-^ 3 7 S^/^ ^ 3 

>v> 1 1 uffi*&L. «f?'jsiai i^mm-thm^^mo 
>y3 5 y)m,^^±ifhn. mny < 3 3 xis.m 

#'7'^>v>*^*b«*f«3 4*^SLr. 
yX;i/2 0--:^3|4;^^^i±is$^n^o ^<r)t^. B«*lht^' 

MMl 7UiS#t;&ti. 3 2tiMS^tt 

'5>o EI2 tiioV^Tii. > 1 1 (i 1 oo^tS 

L75-EI^$tLrv^^v^7^^ |||?ltlii'i^>r:*:«:3 6 tc« 

StS:arv^^tt#fl=3 4 i:iwi|gr (cd-Tiieo) o^is 

[0 0 3 3] StfiiELfcJ:^ U|^fe2 1 {Z^t^ mi X^X 
v|&^^a2 4;i>^^m^«)(l«^^itTv>^o mi-fyX 
'7|&^^fi2 4 ;/T-M 2 5^y"^X-r$lJfa^ft 

^X-7$1J1«,^.3 0 ^«l?g:LTV>^o »ir^x-7f&^^ 

2 1 Ci^^EE^^nSD't'l) ^)<7)'e^>;i)o y^x-r^ij^^fi 
2 6ii. r i5'-t:;l^g3S-t:>-9"2 7S.Cf?ftffi-fe>-9-2 8;*^ 

m^^thL. »i y^x-7||^^a2 4<;oKi&*fttmi" 

^^>(7)'e^)^o T^-t;u^Jt-tr>-9-2 7 (i. r^-tr;u^ 

•*t-2 8{i. »**J-«3 4Ui3tt^*?if|-<Oiiy*jEP^^Ui-r 
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[0 0 3 4] ±izEL;^cJi> V > i l<7)f^iijUioV^T(i. 
^^T^^iR^iiBSl 875^<biB«&ai 7(i®A^tt> BM-^^ 

ti. If h > 1 575^2 ffi«-r;2>o ^(r>^^ ^ )i^\tm^<r> 

[0 0 3 5] ff^Sfi^S-eii. >^1 2 t: 

^ h > 1 5 <nAL^[z X V) $ ^"yy^ne i)^^±M 

(TDC) i:J&-i>mrU';^#coiftW;^^^|iS&$tt^c B» 

«:>^c®:ix{i . t fzmmmm ^h-^izl/z ^^^-o xit 

[0 0 3 6] '^Bm^^<n^mmxm3:mmiz^^mx 

::^{z[t\\^fxmmm^^ii^^<oxmmmiizmm^=rt>fi 
30 ho z (omm-b^immmm mT^x^^o m^A^mn^ 

^m<o -tt7&^v^t)i9>-5>f*j^xffiKT4"e*^o 

[0 0 3 7] Z^\zn :$:^J&?K.^.O-x. > v > 1 1 

40 ai 7 uisit^bnfcKmms<5o^s2 1 \zt^v.x-mm& 
^enspt. «ifees!$ttTv^^i^s2 2 ii[^ttT&a-r 

^ol*L<ii. r'7X-T«iJIBi^fi2 6 7!>^ m3(r>yu- 

h(i7K-rr^X-T$iJifl];i.~^>Sr||^f-r'^o 
[0 0 3 8] y 1 0(C:fev>r. 1 X^X 

-7i§^^a2 4(7)ii£i!jo^5S:*j^-r^o pL<(i. m 

't'i>o H^Sfta(i. ^f+PtWy X;l.2 0;^-'b»4J«#t5i>^^ 
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n-:Amrc$ivx^'it. -t^-t)*,, mmmi i^om^i- 

[0 0 3 9] *#:Wt;i±. Ti'-t:;Ug§ft«-^QS?>'B*4 

§;i^^ii5«l±^^^ &BSSO^M2 1 (cenJ!lD-t"'5>o -ix 
{-J:I9, ^®2 l75-«b(±='D:»-*jtm*»'l&^L, 1 

CSttO 'f > L , ia-^^* <^**#7i^~=f|f m L :t 

[0 0 4 01 ■knT.y- y-f^ 3 Of(±, 1 7*7X-7|| 
*^e2 4<7)|El!;|&7cOS55r*lJSi-*o ifL<(±. « 
iH-<7)ii?SEfi-f - P /3 tlLTsS^Sd' ^ «5e1- -5. o ^ 

Sffl y8 i± > «#i«»f / X ;w 2 0 <0»4i**]-75f *«-T i" 

0 lcio(/^T^ 1 ■fy:^-r^^mS.2 4 coHZI&SlJffll ^liiM 

^^OXT^ y ys 4 C^^firLT^l 7'9X-v'%^^tt2 
4<0IIiti^1?ihL. 7'9XT$IJil^l'-^>?:*l-T-t.So 
[0 0 4 1] B5ie7"7XvftlJ^;i/-f^>f(±, 

7 ^ommmm^^mi^ ^ tt-s t . i r v x-r 

[0 0 4 2] lftltfi<0^mi^*lClDi:TffeS2 1 

-^oe^SPSE5:^l^l^-<i^^ M±.-t-2>7'7X-7<7)5iJSS:SlJ 

< ^ 19 . 1 7 < (7)*sm^~«#t$ tt/cif^-e 

7'7X-7^JSS:*iUD$-a:-S.Ci:lzJ:oT> -f-OiS-g- 

[0 0 4 3] tz^-r:\ mmKmtii. mm-tfumm 
jt'iz^ Lxn^ t ^^m^h <b \^ib fix 

ix<r>t^m-^mm^nx ^E.M-XA^m'p Lxmz ^ 1 1 i> 
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[0 0 4 41 wOi-^tC, U i -a i: > -i-^v 

VlloMiftfflra. t »)^(tf*^x.^HT4 75*Mi^?H 

i,ztA^h. mn(omA.m'oi,zx-ox^i&-ti>mMA^i& 

[0 0 4 51 ttz. -m-~m^<r>mistmm-~ s. ^mmti 
mmm^x^^^ z(nmm:m^^m.<-ti>i.it\ m^m 

[0 0 4 61 $<btc, **^fe^^]i^-J:^^:^ j:.>-v>1 

lcO38!i?:(ii|i-^jB«tS^1:£75^|fi]±-t-i.ci:;0»f>. ffi^Jt^ 

B^) ^ t-v'; > 5^ 1 2 ® 19 «o#fiS;gt„=n - 1 

[0 0 4 71 tuii. :$:||}Sm^.tciJV^T«±> 
«S2 1, 2 2SD-*^I1 •7'7X-x'^^^«2 4 it'^v 
XT$ljffll.^3 0Sr«BS:i-^1iiiff4:, SS:6>on >/'?i' h 

30 \,z.-f^zhimm.xihi>o zfih<r>m^^tW^ 

[0 0 4 81 (^2^te?KM) »2, 3, 6, 7 

M^T-v -"H;^ > V > izM^mt Lfzm2 mmw^m ^ . 

rji>v>j tv^o) 4 ([il-Cfil 
o) U >^4 2 5r^t"^ V ^iJ^^^^n 7 ^ 4 3 
•eo±ffiU?X»9#tt^tt/::'>U K4 4 tKX. ^ 

1S^$ttTV^;2>o >r4 2rttC(i, l^°Xh>4 5 

>4 5coiIgp(c(i. M^^^?t1Sg4^*i-'i>IHlc;^4 e^^^ff^ 

fig;^ttTV^^o C<7)IHI<J^4 6aCK'>U K4 4r* 

50 [ 0 0 5 0 J U > y K 4 4 (i. i^') >V4 2\HiZ 
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^) y -y K 4 4 ic {tmmmM 5 4 tmm. $ ti, 

ii8&5 5 tcj: I9±B«^M4 7 (cSii^nrv^^o SiJB« 

iS^<i:flfif:lxTv^^o v^U ^^'^-y K4 4 C:<7)ig 

>v><7)i6i*?:«B!)i--i>7t:ae)Oi5^^n-r'7ir4 9 7&^^l$tt 
[0 0 5 1 ] WMM, 5 4 tcffi L/:: v V > y K 4 4 (C 

[0 0 5 2] :*:^i^m^Jliott'^B»*»t.^.S:a^^-7''^X 

l¥L<{i. EI2(Ci5V^T. ai>v>l ltift;iT[l 
4 tc^i- J: o ^iaSM^O > V > 4 1 T^^tt^J^ii t ivr 

mffi<^^«5 1 t%%mz^m^fix\^^ho ^^x. m 

[0 0 5 3] AL^l.fz:^mMli;m.<r>J^ > v > 4 1 (Of^id 
[0 0 5 4] CcoJ:dtl. *^i£fl^^MiCj:^<i:. 

19 H T 4 oam i^zx^ mmKJA!:^:^m^m i^z^^it ^ ti^ 

zt^-h. ifyv>^>i^^>\iZiS:\.>mm^mtfj:y). r 

[0 0 5 5] ^hi<Z^ '7"vX-7SfJ^^g2 6 (IJ:^SIJ» 
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72 

^ :ix-i) <!: . mi y'^ X vM*^^ 2 4 I^S 5 1 

xmtizWLm't^^^'^^zti^^x^^o ifz. m^m 
(n^.ihm^i'zmcxmms i^(omum&i^W}^^^ 
zt^zx^. y''7X'^(D^^m^mmi-^yj^xt)^tz 

4iz^<<7^mmm^^i^fzm^xi>. x^x-^^ss^ 

[0 0 5 61 imsmmm) ^ki>z^ m^^-KD^m^ 
MmtL fzm 3 mmMmi. m5izm<j\.^xm.mi-^o 
[0 0 5 7] iizm-tmnm^kiy x;i. 6 1 it, mmm. 

i¥L<(i. jB*4i«W>'X;u6 1 iillI2 tci^tt^BWl*#t 
y X;U2 Q(Ditt>^ tC^t9#tt^ft'5)o 
[0 0 5 8] *?^^m-i!tJ|ty X;U6 1 \U yX;W.i^T-V 6 2 

20 <7)c|3'e-- K;^6 3 ^^^±Ti''^>'X;ur-t >x^; e 9 

6 e><o^\zmi^&iWL^ir^7sy''^) > 

X6 1 miM^fifz/ X)V:^^)Vy7 0 t{ZX J9«^^tx 
Tv^^o ^^l-^'^^T-V 6 6S.LKy X;U.i^^T-V 6 2 

9 6 4'\2g< /::a6co»4aK6 8 /^^^^BlS:^ 
nrv^^o ^<^^^WOi£vftl±;^>^^±#LT;^XU >X6 7 
co-t-y h^j^^x.;^, ^- K;l^6 3:d^U -7 h LT. y 
X;w.1fT-W 6 2<?^^«lcff^^$ii/cm8Scoi»?L6 5;^- 

30 tn'WL.. XX'J >^6 7tCct K;u6 3;6^7t;Ofi 

[0 0 5 9] m^^my X)v 6 1 (ommmvk 6 s tcti, 

fix^^^ ^<r>wmMMi i\z\t^ ll2X^X-7^^^ 

1:7 2 7^>^^«^6^tl^M^ttrv^^o m2-f'yX^^±m 
S7 2 icii. /^^yr-V 7 Z^-fy X^mW^W,! 4i)m 
SE^ti. XvX-7$iJifl,^.7 5 ^IS^Lrv^;^), »2X^ 
40 X'T|§^^«7 2(i. /s yT-U 7 Zi)^h<r>%m^<r>m^^ 

;2>o X^X'VftlJ|a^S7 4^. T^-t:;^BBJS-lr>^f 2 7 

*o'v^T*?^«-i!t#j-yX;i.6 1 {zx;bmPt<D\^l^^m^^ 

^-r^htt^kz^ m2y'^X'^^^mm.7 2(Dmmim 

[0 0 6 0] \XT. ±fSOJ: 9 ^zm^^i^fz^'^m^m 

50 <DV^mRXfn^\iZ<:>\^^xmM't^o J^>V>1 ioi&^ 
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±j^<^J: n (C--^;U5^--Kf'-f 6 6 l^<0;^fl-ai^ 6 8 i 

It jtoi?i{c. » 2 y V xt^^^s 7 2 trnwuwrn ? 

1 «::iS5ig&«EtepSp-r*«l ttzj: 0. :g!5*4iiB& 6 8 1? 

[0 0 6 11 -oiTtc, J^^si 7 t;iftW$*t^iSHlr 
j;oT^*-r^««:&^~f6«$n. i collar i^^tf 

[0 0 6 21 -f^X-rfsm^m.! 4.kZi.hWm 

TS^It'btL^o -r^to^,, j^W»*J-^X;i/6 1 tcJ;^|*3|£|- 
l«*j•;^«^^!&^tL^i:, »2 7'9X-7%*tg«7 2;*»<bS!c 

ii^mwLWSi^WLnw^ 7 1 i^entm-r ^ t j; 19 , 

(f, i > V > o*it3j«;« < ^ 19 , ^iN-i«*f>'X;u6 1 

[0 0 6 31 ^^MWM^zis\^^x\i. ±.^<r>m\ 
j|*linx^'£-^;«^'£v^o 1-^*p-t>. X;u6 1 

I*l<7)^^«-ii8& 6 8lcy9X-7^^^§-ii-^ffi:«^te7 1 
[0 0 6 41 'fciJ, 2f:|fe^lii>:tc^i-glJ(7)||Jfeff^j^JZ* 

#:ft-r ^ C t ^^t? i ^, o 

[0 0 6 51 (1) mixim2^mjfmi~ii^^xii. 
mt^m. 1 7 xi±iij*?^«ta 5 4 T-o -x^ x-s'H^it* t l 
fei:mfe<^i^ffi2 1 (X(±5 1) iiz-^m&i^iML 
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[0 0 6 61 (2) m3 mmfmAza^^xii. mmm^ 

6 tc^f J: 0 BMM^ 6 8 <Dmmzi^M.='^ -'l^ 7 6 

[0 0 6 71 (3) ^3 mmifmAzii^^xii. BMrna 
yX)V6 1 tLxm^f^ia^j^yi^'Xizm^^hti^^^- 

)im:^''7fi^nx\^^:h^K m^j:i> o mmmM yxjur- 

tL-5>i;°>ff^(7)B#4-i»W^X;u-eafeoT^j J;v^o CKOkfv 

yX;niiov^T^). i*?Lt-^«^«< /^craixT^^^jlKt- 

±^-it^Ztii^X'^^o 
[0 0 6 81 (4) X-5X-7«IJ^^fi2 6. 7 4 li, 7 

-t ;u ggs Q s vmm'Ti^iAs. p i'm<7>m^^mz a 

30 19, m'¥^<r>vnmW^^^LXi>i,\^>o m^it. 

#t*°>X3 l(r)if^<-)-3 TBLXf^^-7 3 8 <Of^Sj)Ri^.^ 

1^aii-sc:i:icj: "9, 7 tL^iifi-wi* 

[0 0 6 91 (5) 3f:||eg<i, ^^-ilf^^-v-v-ifct' 

;^<7>-g|5«rS^^®K75^'blli9 ta LTtR^ill&'^JIIi- J: T 

liZ Lfz. \^^t>^i, E G R ->;^x ATj^a^^^iiiiT'^CT-V - 

40 -b*;wji>v viztafflnrifeT-*^o 

[0 0 7 01 

[MegoSii*i mi(o^mi,zxfn£. ^mm^^T'^- 
-b- ;u x. > > (om^m. izioi^x, mm-mm ^'^m.L^t 
>it^^i>ztkzi.^, ■i:(Dm^mjz^^%m^'±^zt 
■h^x'^^o siti(cj:f). 'ikmi.mm-^m.^\^x. mPt(r> 
mxMn^zi^^-ri,m^ifx^<r>m.^m!i}is.^m^x^ 

[0 0 7 11 ^2<r>%m\Zi.n.i£^ IlJSy^-r-'f --tf^WJ:. 
50 >v VOlU^jffiMl-iSV^T, i!ft*rJ^i^=£r^SL'f >i->fb 
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[0 0 7 2] »3<oi&^uj;ti.i*\ mixitm2(D^m 

[0 0 7 31 m4<r>^mi,zXixi£. B«i«*fyX;K7>^ 

[0 0 7 4] ^bnmmizxixii. m^o^mo^mz 

tnx.. mMmmi,zm.m.i^^^-*t-f'7X-^i^c^-it:h 
ztizi.*)^ m^^m<omm:m^ti^i,z^w.^-^i>^t 

[0 0 7 5] »6<7)|S^tzJ:ti.lf, m3Xitm5<r>^m 

(Tin^izMx.. BMm.ximmmm.i^z\^^^tLfz. 

v>(ii«»tieHlr<0«if|-U|plltTSc1ii-^Ci:(-J: ffom 

'Bfl- ^ =S m L * > -fk $ Hi- ^ C t tJ^T- # o 
[0 0 7 6] »7<7)^^tcj:^x|jr, m 6 <^^m<n1^^liZ 

L 5^ > f b ? C t ;**T- |i o 
[0 0 7 7] »8 0^^tcJ:it(f> »4 0|&?g<7)5ai*t- 

[0 0 7 8] l|9 0|fe?§tCJ:*tlf\ II 8 <7)|§^<0^:S:t; 

[0 0 7 9] mi o(o%^i,zxtn£. m9<r>^m<o^^ 

izm^. mm^fi^BMm^zHjz-Lfc^m<?)m's.i^^ 
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[mil 3^%ig4-^ft:fkl,/c#El||*S?F^!g{Ci3tt^it« 

[ H 2 1 ^^mi M.mt Lfcmi mmm *5 1 1 ^ t-w 

[031 •/7X-7tlJi^Ma>'l'— ^^^ria.e^i-'&^n-f- 
[ n 4 1 i Mmt Ltzm2 ^mnm tt -& sj^ 

[n 5 1 ii^^mi M.mt Ltzmz mmnm is tt ^ t-v 

— tf ;u i >- V > y X ;w ^i" g|S*Bf W H 

o 

[ a 6 1 ^ b L gij <^ II i3 1 1 r' 

- -t';p Ji > V y (DB^^mMy X ;u ^ m-tu>^m'mmx^ 

20 [ in 7 1 -fV - -t' J- > V > ^>^m«!<7)^^gp. 

11, 4 1 (r-V --tf;!-) V > 

12,42 > U > ^ 

15,45 

1 7 

2 0, 5 0, 6 1 m^^n^y:^}^ 
2 1,51 sscmmte iMm) 

22, 52 BcmSS (l^ffi) 

JO 2 4 » 1 -/^ X-7|&^^g 

4 7 

5 4 sasii^ (Mmmm) 

5 5 

6 5 i*?L 

6 8 mPt^^ 
7 1 scmms 

7 2 II 2 -7'^ X V|§^^a 

7 6 SS:m^^>'^ 
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